ONJ has been increasingly suspected to be a potential complication of bisphosphonate therapy in recent years. Thus, the ASBMR leadership appointed a multidisciplinary task force to address key questions related to case definition, epidemiology, risk factors, diagnostic imaging, clinical management, and future areas for research related to the disorder. This report summarizes the findings and recommendations of the task force.
INTRODUCTION
T HE INCREASING RECOGNITION that use of bisphosphonates may be associated with osteonecrosis of the jaw (ONJ) led the leadership of the American Society for Bone and Mineral Research (ASBMR) to appoint a task force to address a number of key questions related to this disorder. (1) Specifically, the task force was asked to:
1. Make a recommendation for a provisional case definition, so that subsequent studies report on the same condition.
Review existing reports of ONJ and other relevant data
to assess what is known and what is unknown about ONJ. 3. Recommend the development of noninvasive diagnostic and imaging techniques with which to better characterize and diagnose the disorder. 4. Suggest recommendations for clinical management before initiating and during bisphosphonate therapy as well as when the diagnosis of ONJ has been made. 5. Identify the key questions that the scientific community should address, both in the short and long term, and
Review of the literature/data acquisition
A list of pertinent publications was compiled by the task force. This reference list was developed using Medline/ PubMed searches, review of the proceedings of national academic society meetings, word of mouth, Google searches, and by accessing the references cited in all identified publications. Cases of bisphosphonate-associated ONJ reported in patients with osteoporosis and Paget's disease were considered separately from those reported in patients with malignancy. a. Cases of bisphosphonate-associated ONJ in patients with osteoporosis or Paget's disease. Published literature pertaining to cases of ONJ reported in association with osteoporosis and Paget's disease of bone was reviewed. A literature search and list of publications likely to be relevant was made and each publication was reviewed. The numbers of subjects in each study, the type of bisphosphonate(s) used, the duration of bisphosphonate exposure, the site of the oral lesion(s), the clinical presentation, the type of any intraoral predisposing event, and any other information relevant to the study was included when available. Identification of case duplication between studies was sought by cross-referencing studies whenever possible.
b. Cases of bisphosphonate-associated ONJ in patients with malignancy. Data extracted from the literature review were evaluated for the type of publications (case report, commentary, clinical trial, etc). The clinical data presented in the publication were extracted and when available, included the definition of bisphosphonate-associated ONJ used to identify cases, clinical patient data including indication for bisphosphonate use, cancer diagnosis and cancer treatment, oral health history, and bisphosphonate use in-cluding drug, dosage, duration, as well as the management and outcome of bisphosphonate-associated ONJ cases.
c. Input from the pharmaceutical industry. Two members of the task force (SK and ES) conducted teleconference sessions with representatives of companies currently marketing bisphosphonates in the United States (Merck, Procter and Gamble, Roche, Novartis) and representatives from Amgen, which is developing an alternative, potent anticatabolic agent. These sessions were informational and permitted experts from the industry to provide their input for consideration by the task force.
RESULTS AND DISCUSSION
A confirmed case of bisphosphonate-associated ONJ was defined as an area of exposed bone in the maxillofacial region that did not heal within 8 wk after identification by a health care provider, in a patient who was receiving or had been exposed to a bisphosphonate and had not had radiation therapy to the craniofacial region. The 8-wk duration is consistent with a time frame where most trauma, extractions, and oral surgical procedures would have resulted in soft tissue closure, and exposed bone would no longer be present. In the event that the lesion was spontaneous or history was lacking regarding its duration, the 8-wk duration would start at the time that exposed bone was first documented by a health care provider.
A suspected case of bisphosphonate-associated ONJ was defined as an area of exposed bone in the maxillofacial region that had been identified by a health care provider and had been present for <8 wk in a patient who was receiving or had been exposed to a bisphosphonate and had not had radiation therapy to the craniofacial region. Suspected cases of bisphosphonate-associated ONJ should receive follow-up evaluation to determine whether they ultimately meet the definition of a confirmed case.
Additional signs and symptoms may or may not be present in confirmed or suspected cases of bisphosphonateassociated ONJ (Table 1 ). However, the task force considered that these signs and symptoms are neither individually nor collectively sufficient for a diagnosis of bisphosphonateassociated ONJ, in the absence of exposed bone as defined above. However, these symptoms and signs could also herald early disease, and over time, may become associated with exposure of bone. As diagnostic techniques improve (see Section 3), clinical symptoms and signs may be identified that prove to be predictive of the development of ONJ. The differential diagnosis of bisphosphonate-associated ONJ should specifically exclude other common intraoral conditions including periodontal disease, gingivitis or mucositis, infectious osteomyelitis, temporomandibular joint disease, sinusitis, periapical pathology caused by a carious infection, osteoradionecrosis, neuralgia-inducing cavitational osteonecrosis (NICO), and bone tumors or metastases ( Table 2 ; Appendix 1 contains a glossary of dental terms for the nondental practitioner). However, in the absence of exposed bone as defined above, these conditions should not be considered as cases of bisphosphonate-associated ONJ. In addition, bisphosphonate-associated ONJ does not include other conditions that may present with exposed bone but without a history of bisphosphonate use (Table 3) , such as trauma, odontogenic infections leading to osteomyelitis, herpes zoster infection-associated osteonecrosis, benign sequestration of the lingual plate, or HIV-associated necrotizing ulcerative periodontitis.
Review carefully existing reports of ONJ and other relevant data to assess what is known and what is unknown about ONJ.
The task force recognized at the outset that the incidence of ONJ in the general population not exposed to bisphosphonates is unknown. However, the disorder has come to medical attention principally in the setting of bisphosphonate use. Although this association is consistent with a role for bisphosphonates, bisphosphonates have not been proven to be causal. The task force also recognized that quality of the evidence reported in a substantial proportion of case descriptions of patients with ONJ was poor and that many reports were missing important historical or clinical information. The task force recommended that a hierarchy of evidence quality should be established for all future studies reporting cases of ONJ. The overall hierarchy of evidence quality for a case would be based on the quality of seven areas, as indicated in Table 4 . Because the incidence of ONJ is very different in patients receiving oral bisphosphonates for osteoporosis or Paget's disease compared with patients receiving high doses of intravenous bisphosphonates for management of malignancy, the literature was examined separately for these two groups of patients. The task force recognized that information on incidence of ONJ is rapidly evolving, that continued surveillance will undoubtedly result in identification and publication of more cases, and that estimates of the frequency of ONJ may change for patients receiving bisphosphonates for both malignant and nonmalignant disease. Co-medication dosages and duration of therapy to first notation by clinician of lesion Best evidence, information complete for all seven categories; good evidence, information complete for categories A-D, plus E1, F1, and G1; acceptable evidence, information complete for categories A-D but E1, F1, and G1 not all complete; marginal evidence: information complete for B1, C1, and D1; insufficient evidence, information unavailable for B1, C1, and D1, regardless of other information provided.
Additional information: reports should also seek to provide the following information: patient race/ethnicity; presence or absence of pain, inflammation, sinus tracks, swelling, infection, paresthesia, or other unusual or outstanding presentations; more specific anatomic location if available (e.g., posterior mandible, anterior maxilla); results of any imaging, cultures, or biopsy if performed.
Osteoporosis and Paget's disease:
The literature review of bisphosphonate-associated ONJ reports in patients with osteoporosis or Paget's disease is shown in Table 5 . The total number of reported cases was 64 after overlapping case reports had been excluded. There were 57 cases that occurred in association with treatment for osteoporosis and 7 cases that occurred in association with treatment of Paget's disease. Of the latter, three were treated with intravenous pamidronate, one with the combination of intravenous pamidronate followed by oral alendronate, and three with oral alendronate. Where it could be ascertained, the dose of bisphosphonate was felt to be unusually high in four of the seven patients.
Of the 57 ONJ cases associated with bisphosphonate therapy for osteoporosis, only 4 were men, but sex was not identified in several cases. Most had been treated with alendronate, two received risedronate, one received a combination of alendronate and risedronate, and two received intravenous pamidronate and/or zoledronic acid. When the site of osteonecrosis was identified, about two thirds of cases occurred in the mandible and most of the remainder occurred in the maxilla, whereas four cases occurred at both sites.
Exposed bone was the most commonly reported clinical presentation. However, it was not invariable. Some reports included the presence of ulcerated mucosa or abscess and fistula formation, but these were less common. Pain was a common finding but was not reported in all cases. A minority of cases had biopsies of the affected jaw, and all biopsies showed necrosis of bone. The duration of bisphosphonate therapy was frequently not included; however, it is noteworthy that the minimum duration of alendronate therapy was 2 yr. Similarly, the duration of the clinical presentation, particularly the duration of exposed bone, was frequently not described.
The task force recommends that there should be a minimal reporting requirement to the respective companies and the Food and Drug Administration (FDA) for future cases of ONJ based on the clinical definition noted above. The task force also recommends that an external agency followup and validate FDA drug adverse event report data in detail, both to confirm all reported cases and to accumulate further accurate information on the condition.
The incidence of ONJ in patients receiving bisphosphonates for osteoporosis is not known. Both U.S. pharmaceutical industry (Merck) estimates of the worldwide, cumulative reporting rate of osteonecrosis of the jaw of <1 in 100,000 patient-treatment years, regardless of causality, and the prevalence of <1 in 250,000 in a recent German study are consistent. (2, 3) However, data from Australia (2, 4) suggest that the incidence could be up to 10-fold higher. In part, these different estimates may be related to underreporting, different durations of exposure in countries that have adopted bisphosphonates more recently, and/or differing definitions of the disease. The task force fully recognizes that the true incidence of ONJ in patients with osteoporosis may be higher than noted in these estimates because of these potential confounders.
Malignancy: Patients with malignant bone disease are at risk for skeletal-related events, including pathological fracture, metastases requiring surgery or radiation therapy to bone, and spinal cord compromise. They may experience fragility fractures either because of comorbid conditions or because of toxicities of their cancer therapy. Bisphosphonates have been shown to decrease the risk of skeletal complications by approximately one third. (5) In addition, bisphosphonates are clinically important for the treatment of hypercalcemia of malignancy and can reduce cancer induced bone pain. The two bisphosphonates approved by (1) Mand (6) Max (1) Cheng et al. (40) 8
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Mand (2) Max (1) Carter et al. (48) 3 P (3) A (1), P (2) Max (3) Pozzi et al. (49) the FDA for use in patients with cancer involving bone are pamidronate and zoledronic acid. Clodronate and ibandronate have been licensed for use in malignant bone disease in other countries. Because of the high frequency of skeletal involvement in advanced cancers, bisphosphonates are routinely prescribed in the practice of medical oncology. (6) When treating patients with skeletal lesions from cancer, current oncology practice in the United States typically uses either pamidronate, 90 mg, infused over at least 2 h every 3-4 wk, or zoledronic acid, 4 mg, infused over at least 15 min every 3-4 wk. (7) (8) (9) With the FDA approval of zoledronic acid in 2001, this agent has gained popularity in clinical practice because of its efficacy in reducing skeletalrelated events and the shorter infusion time. The American Society of Clinical Oncology (ASCO) has established guidelines for the use of bisphosphonates in patients with metastatic breast cancer and multiple myeloma. (7, 8) The ASCO guidelines suggest that once the bisphosphonate is initiated, it should be continued until there is substantial decline in the patient's clinical condition. (7, 8) Because of the lifelong risk of skeletal-related events in patients with metastatic bone disease, the clinical practice in the palliative setting has been to continue bisphosphonate therapy indefinitely.
Bisphosphonate-associated ONJ in patients with malignancy has come to the attention of the medical and dental communities primarily through case reporting, and the number of reported cases has been increasing over the past 3 yr. Most patients in case reports published to date have cancer that involves bone and have been treated with highpotency, nitrogen-containing intravenous bisphosphonates. All bisphosphonates have been associated with cases of ONJ; however, this must be tempered with the acknowledgment of the lack of a consensus definition for ONJ and the unknown incidence of ONJ in the general population. The published literature reviewed by the task force identified <1000 cases. This is consistent with the estimate of 654 cases presented during the Oncology Drug Advisory Committee meeting in March 2005. (10) Although case reporting is a classic means of communicating information on rare conditions, there are limitations to case reports. Presumably, prospective data on bisphosphonate-associated ONJ are limited because of the short amount of time since the condition has come to widespread attention and the low frequency of events.
The recent flurry of case reports began in 2003 in the form of abstracts presented at academic meetings. Ruggiero et al. (11) published the first peer-reviewed report of bisphosphonate-associated ONJ. In this publication, a chart review was performed of patients who presented with a diagnosis of osteonecrosis or osteomyelitis of the jaw and who did not have a history of radiation therapy to the jaw or of neoplasm directly involving the jaw. From February 2001 through June 2003, a total of 63 patients were identified, and their charts were reviewed. Relevant findings included the use of a bisphosphonate (intravenous or oral) in all affected individuals. Therapy included debridement, with some patients requiring a surgical procedure; two patients were treated with hyperbaric oxygen (30 1-h dives) without significant benefit. The clinical observation was made that discontinuing the bisphosphonate did not seem to alter the outcome of bisphosphonate-associated ONJ.
The estimated incidence of bisphosphonate-associated ONJ in patients with malignancy seems to range between 1% and 10%. (4, (12) (13) (14) (15) The bisphosphonate used and the duration of exposure, which often is correlated with cumulative dose, has been related to risk of bisphosphonateassociated ONJ. Thus, whereas the mean time to onset of bisphosphonate-associated ONJ in individuals receiving zoledronic acid was 18 mo, it was 39-72 mo in patients receiving pamidronate. (13, 16) Using insurance claims data, investigators identified an association between patient with cancer receiving intravenous bisphosphonate therapy and oral surgery. Compared with never users, the odds ratio of surgery for intravenous bisphosphonate users was 4.24 (p < 0.05). (17) In a prospective clinical trial performed in Greece of 252 patients with a variety of cancers who had received at least 6 mo of bisphosphonate therapy, the risk of developing bisphosphonate-associated ONJ increased with longer exposure to bisphosphonate therapy and was associated with the bisphosphonate used. For the whole population, the cumulative hazard ranged from >1% at 12 mo to 11% at 4 yr. However, for those who received zoledronic acid alone, the hazard was 1% within the first year but rose to 21% at 3 yr. (18) Patients with cancer involving the skeleton may be exposed to other medications that compromise oral health, including chemotherapy, glucocorticoids, and antibiotics that may alter the microenvironment of the mouth. Although there are no specific known oral changes associated with the bisphosphonates, those individuals with cancer receiving pamidronate and/or zoledronic acid seem to be the population at greatest risk for bisphosphonate-associated ONJ. The true incidence of bisphosphonate-associated ONJ is unknown, given the difficulty in obtaining accurate assessment of the denominator and the limitations of voluntary case reporting.
Although our present understanding of the risk factors associated with and the pathogenesis of bisphosphonateassociated ONJ is limited, the clinical and patient community has developed an awareness of the condition through the use of guidelines, position papers, and statements generated by the oral and medical academic community, as well as the bone-related national or disease-specific agencies. There are established guidelines for oral health care before initiating chemotherapy. (19, 20) Table 6 summarizes risk factors currently felt to predispose to bisphosphonateassociated ONJ (14, (21) (22) (23) (24) ; however, the task force recognized that the evidence on risk factors predisposing to ONJ was weak.
Recommend the development of noninvasive diagnostic and imaging techniques with which to better characterize and diagnose the disorder.
The use of various imaging modalities for diagnosing bisphosphonate-associated ONJ depends on the definition of bisphosphonate-associated ONJ and the natural history of the disease process. For established pathology, there is little need for diagnostic imaging techniques because the pres-ence of exposed bone and associated symptoms such as pain, swelling, paresthesia, suppuration, and soft tissue ulceration can be detected without them. However, early identification of bisphosphonate-associated ONJ, although more challenging, is potentially important for patient care and prevention of disease.
Some imaging modalities, such as MRI, have been used successfully for diagnosing radiation-induced osteoradionecrosis or avascular necrosis of the hip (AVN). Although the pathogenesis of bisphosphonate-associated ONJ may differ from these conditions, the techniques described below may prove to be helpful in the future, when the pathogenesis of bisphosphonate-associated ONJ is better understood and defined.
Modalities that image bone structure: Panoramic radiography: Panoramic radiographs are routinely used in clinical dentistry and are widely available. They are inexpensive, provide a good overview of the entire jaw, and provide a good first line of documentation of the status of the jaw. Radiography can adequately distinguish between osteonecrosis and metastatic lesions, when radiopaque sequestra are present, but is less useful if the lesion is osteolytic. (27) Radiography is particularly useful when there is a combination of osteolysis and osteosclerosis, (27) but a significant (30-50%) loss of bone mineral is required before detection is optimal, (25, 26) and it is unlikely that this ever occurs in bisphosphonate-associated ONJ before the lesion becomes clinically apparent. Radiography also requires a high radiation dose and results in a 2D image with significant overprojections that could potentially obscure important anatomical or pathological details. The image quality is poor, and it is difficult to demarcate the margins between necrotic and healthy bone. Early lesions frequently can be missed. Nevertheless, despite these limitations, the general consensus suggests conventional radiographs should be taken as a first line of routine radiological investigation. (27) CT: CT provides an improvement over conventional radiography in that it allows 3D reconstruction, has the potential to detect both cancellous and cortical bone involvement, and can identify the presence of both osteosclerotic and osteolytic regions (the latter may be areas of bacterial infection) in patients with advanced bisphosphonateassociated ONJ. (27) However, CT did not contribute additional information to conventional radiography in an asymptomatic subject with osteonecrosis. (27) The use of this technique for detecting early changes of bisphosphonateassociated ONJ is currently unknown, in part because the early manifestations of ONJ, particularly in terms of mineralization and vascularity, are not well understood. Because CT can detect differences between cortical and trabecular bone, it may be useful for differential diagnosis when ONJ is suspected. (27) Cone beam CT: Cone beam CT (CBCT) is a relatively new technique that imparts lower radiation to oral tissues (<1/15 that of a spiral CT), but has higher spatial resolution than conventional CT and provides better image quality, particularly for cancellous bone. (28, 29) Although it may be limited in its discrimination of soft tissue because of its low contrast resolution, it can provide detailed information about cortical thickness and integrity, marrow involvement, irregularities after tooth extraction, and cancellous BMD. However, the equipment is not widely available at present.
Modalities that image bone marrow and soft tissues: MRI: Currently, MRI may provide the method of choice for the assessment of osteonecrosis. Regardless of the site affected, the histopathologic changes of necrotic bone are comparable and are depicted similarly by MRI. The imaging appearance results from progressive cell death and host response through repair (edema). Because fat cells provide high signal intensity of normal marrow, the speculation is that marrow signal changes begin with the death of fat cells. Controversy exists, however, regarding the length of time between the death of fat cells and changes in the MR signal intensity. Additionally, the general consensus is that marrow edema is not part of the pathogenesis of bisphosphonate-associated ONJ, as it is for AVN, considerations that may limit the use of MR in the diagnosis of ONJ. (30) The region of ischemia can be recognized, however, as a nonenhanced area after the use of a contrast agent, such as gadolinium, especially in fat-suppressed T1-weighted sequences. Chronic cases, in which fibrosis and sclerosis of bone occur, can result in low signal intensity on both T1and T2-weighted images. Nonetheless, to date, available data on MRI findings of bisphosphonate-associated ONJ are limited and suggest that this technique may be associated with a high percentage of false-positive diagnoses. (31) Functional/physiological tests: Technetium-99 radioisotope scintigraphy: For several years, this was the best technique for diagnosing ischemic osteonecrosis. However, this technique assumes a change in vascularity within the necrotic region, which may not be part of the early pathogenesis of bisphosphonate-associated ONJ. If hypervascularity is associated with early phases of bisphosphonateassociated ONJ or if avascularity is a component of later stage bisphosphonate-associated ONJ, this could prove to be a very useful functional test that might detect subclinical lesions. This technique might also be a useful screening tool, because its sensitivity depends on the stage of the osteonecrotic lesion. (27) The primary drawbacks to Technetium-99 radioisotope scintigraphy ( 99m Tc-MDP) are that it subjects the patient to significant radiation exposure, and it is a lengthy procedure. However, this procedure is often performed in patients with metastatic bone disease for clinical indications. The technique has low resolution, and regions of inflammation may obscure other areas that may be more avascular. In patients with cancer, it may sometimes be difficult to distinguish between inflammatory and meta- 
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Positron emission tomography: Although this is also a functional/physiological test, there is general consensus that it will not be a useful technique for diagnosing bisphosphonate-associated ONJ because of poor resolution. In addition, it delivers a high radiation dose.
Modalities with potential for development: Optical coherence tomography: Based on the interference of light (partial coherence interferometry), optical coherence tomography (OCT) uses various light wavelengths in the infrared range to dictate the depth of penetration (from 1.0 to 4.0 mm) (32) and the resolution of the scanning beams (from 10 to 17 m). (33, 34) One advantage is that it does not use ionizing radiation. This technique could image small "prelesions" in the alveolar bone if they differ in mineralization. However, the depth of penetration is a serious drawback, and birefringence can cause image artifacts in some cases.
Combinational approaches: Although each imaging approach by itself has its own limitations, combinations of different techniques could provide valuable information in diagnosing bisphosphonate-associated ONJ. For example, CBCT is used in conjunction with scintigraphy for diagnosing mandibular osteomyelitis. (29) Another novel approach is to use sequential images to provide a temporal history of developing change. Although changes may not be evident at a single point in time, comparative measures may be helpful in alerting the clinician to developing changes in the jaw. Some of the imaging approaches may also be enhanced by the contribution of contrast agents. For example, 99m Tc-MDP may be indicative of osteoblast activity, whereas gallium citrate can be used to image an infective focus. Likewise, gadolinium can be used to improve image contrast with MRI in areas with normal or high vascularization.
At present, the task force believes that there is little need for diagnostic imaging techniques in patients who present with overt clinical evidence of ONJ. However, the use of contrast agents combined with MRI and the manipulation of different planes of image may be the most promising approach currently available for differential diagnosis, when the diagnosis is uncertain. Additional technological development of some relatively new approaches, such as OCT or CBCT, whose capabilities have not yet been fully explored, may prove in the future to be valuable for detecting early stage disease.
Suggest recommendations for clinical management before initiating bisphosphonate therapy and when the diagnosis of ONJ has been made. General recommendations:
• There should be free and complete communication between health care professionals (physicians and dentists) involved in treatment and between health care professionals and patients. (35) Physicians should encourage patients to inform their dentist that they are taking a bisphosphonate. • All patients starting or taking bisphosphonates should be informed of the benefits of bisphosphonate treat-ment. They should also be informed of the risks of bisphosphonates, including the risk of ONJ, the signs and symptoms of ONJ (Table 1) , and the risk factors for developing ONJ (Table 6 ) . (35) (36) (37) (38) • Patients taking bisphosphonates should be encouraged to maintain good oral hygiene and to have regular dental visits during which they can be instructed in proper dental hygiene and can receive proper dental care. They should be urged to report any oral problems to their dentist and physician. • Education of physicians and patients about bisphosphonate-associated ONJ is vitally important in all circumstances and particularly in circumstances or locations where the resources to provide dental examinations and treatment are limited.
Recommendations for patients with osteoporosis or other nonmalignant bone disease initiating or already receiving bisphosphonate therapy:
• Patients should be informed that the risk of developing bisphosphonate-associated ONJ with routine oral therapy for osteoporosis or Paget's disease seems to be low, ranging between 1/10,000 and 1/100,000, as summarized in the previous discussion. • Patients who express concern about ONJ should be encouraged to seek additional information from a dentist or dental specialist. • Health care providers should encourage their patients who are starting or continuing to take bisphosphonates to practice good oral hygiene and have regular dental visits during which they can receive proper dental care. • Because the risk of developing bisphosphonateassociated ONJ seems to be related to longer duration of bisphosphonate exposure and the risk is low, it is not necessary to recommend a dental examination before beginning oral bisphosphonate therapy or to otherwise alter routine dental management. • For the patient who has been on long-term oral bisphosphonate therapy (empirically defined as >3 yr), the following precautions are advised.
• Patients with periodontal disease should receive appropriate nonsurgical therapy. If surgical treatment is necessary, it should be aimed primarily at reducing or eliminating periodontal disease. Modest bone recontouring may be considered when necessary. • Current information indicates that taking bisphosphonates for osteoporosis is not a contraindication for dental implant placement. However, if dental implants are considered, appropriate informed consent is recommended and should be documented. • Endodontic treatment is preferable to extraction or periapical surgery when possible. • If an invasive dental procedure is anticipated, some experts suggest stopping the bisphosphonate for a period before and after the procedure. It should be noted, however, that there are no data to suggest stopping the bisphosphonate will improve dental outcomes. On the other hand, given the long retention of bisphosphonates in the skeleton, temporary discontinuation of bisphosphonate therapy is unlikely to have an adverse effect on the patient's skeletal condition.
Intravenous bisphosphonate therapy has only been recently introduced for the management of osteoporosis. To date, there have been no findings to suggest a difference in the risk of ONJ associated with this route of administration at the doses approved for osteoporosis compared with oral bisphosphonate therapy for management of osteoporosis.
Recommendations for patients with malignancy initiating or already receiving bisphosphonate therapy:
• Patients should be informed that the estimated incidence of bisphosphonate-associated ONJ in patients with malignancy seems to range between 1% and 10%, (12) (13) (14) (15) as summarized in the previous discussion. • Whenever possible, patients should have a dental evaluation by a qualified dental specialist before starting intravenous bisphosphonates for bone metastases. Dental evaluations should continue throughout the course of bisphosphonate therapy at 6-to 12-mo intervals or as dictated by the clinical and dental status of the patient. • If the patient's clinical condition permits a delay in initiating bisphosphonate therapy, invasive dental procedures should be performed and healing completed before starting treatment with a bisphosphonate. (12) Otherwise, bisphosphonate therapy should be instituted concomitantly with dental therapy with careful follow-up to ensure complete healing of the surgical site. • Elective dentoalveolar surgical procedures (such as implant placement, tori reduction, and extraction of asymptomatic teeth) are not recommended. • If possible, symptomatic teeth that would otherwise require extraction should receive nonsurgical endodontic or periodontal therapy and should be left in place. Only if the tooth is excessively mobile and presents an aspiration risk should it be extracted. Periapical or periodontal surgery are not recommended. If symptomatic teeth are located within an area of bone that is already exposed and necrotic, extraction should be considered because it is unlikely that it will exacerbate the established necrotic process.
Recommendations for patients with established ONJ:
• Management should be by a qualified dental specialist. (37, 38) • Pain should be managed appropriately.
• The case should be reported to the appropriate agencies, including the manufacturer(s) of the agent(s) implicated. • Management of infection:
• Oral antimicrobial rinses (such as 0.12% chlorhexidine digluconate) should be used. • Systemic antibiotic therapy may be prescribed if there is evidence of infection. (12, (37) (38) (39) • Establishing and maintaining an "infection-free" oral environment is especially important for patients with multiple myeloma who are being considered for stem cell transplantation. However, despite aggressive antibiotic therapy, some patients will have persistent infection and exposed bone, and the risks and benefits of proceeding with the transplantation in this scenario must be considered on a case-bycase basis. • Surgical management:
• Surgical treatment should be conservative or delayed. (12, 37, 38) • Removal of sharp bone edges is recommended to prevent trauma to adjacent soft tissues. • Loose segments of bony sequestra should be removed without exposing uninvolved bone. • Segmental jaw resection may be required for symptomatic patients with large segments of necrotic bone or pathologic fracture. • Bisphosphonate therapy:
• Some experts suggest stopping intravenous bisphosphonates in cancer patients with established ONJ if the clinical situation permits. As noted earlier, however, no published data have established that stopping bisphosphonates will promote resolution of ONJ. Bisphosphonates have a long half-life in the skeleton, particularly alendronate and zoledronic acid. Although temporary discontinuation of bisphosphonates may not adversely affect the progression of established bone metastases or the development of new metastases, this is by no means a certainty. Therefore, the task force recommends that the indication for which the patient is receiving bisphosphonates should be taken into consideration, when deciding whether to discontinue bisphosphonates in patients with established ONJ. For example, if the patient has aggressive skeletal metastatic disease, one might continue bisphosphonate treatment.
In contrast, if skeletal disease is mild or the patient is receiving therapy for prevention of metastases rather than for established metastases, one might consider discontinuing bisphosphonate treatment. • Additional considerations:
• Whereas some have advocated the use of hyperbaric oxygen, the efficacy of this approach has not been established. (37) • Patients with advanced ONJ and limited ability to eat may require dietary supplements or feeding by nonoral routes (e.g., tube feedings) to meet nutritional needs.
5.
Identify the key questions that the scientific community should address, both in the short and long term, and offer a research agenda that will elucidate incidence, pathophysiology, and etiology of ONJ.
The task force considered areas of clinical and animal/ basic research separately, and key unresolved issues in each of these areas are summarized below. Clinical research: The task force recognized that, particularly in the case of bisphosphonate use for osteoporosis or Paget's disease, where the incidence of ONJ is relatively low, data from prospective clinical trials addressing the issues noted below may be difficult to obtain; here, greater reliance will likely need to be placed on descriptive center/ practitioner surveys and/or retrospective and prospective cohort investigations.
a. Important unknowns are the true incidences of ONJ in patients with malignancy receiving high doses of intravenous bisphosphonates, in patients with Paget's disease receiving intermediate doses of intravenous or oral bisphosphonates, and in patients with osteoporosis receiving lower doses of oral bisphosphonates. In addition, because it remains possible that it is suppression of bone resorption rather than bisphosphonate use that is the risk factor for ONJ, it is important to study whether ONJ occurs in patients treated with antiresorptive drugs other than bisphosphonates and with other diseases associated with suppressed bone resorption, such as osteopetrosis. Several different types of clinical studies could address this question, including descriptive center/practitioner surveys, retrospective and prospective cohort studies, and phase IV (postmarketing) clinical trial follow-up studies.
b. It is important to identify specific factors that place patients at risk for ONJ. Likely candidates include the following: bisphosphonate exposure history, such as the particular drug, route of administration, and cumulative dosage; age, sex, comorbid medical conditions (i.e., underlying malignancy), concomitant medications (estrogen, glucocorticoids, others); skeletal factors such as generalized low BMD or localized areas of low BMD, low bone turnover when bisphosphonates are initiated, or the degree of reduction in bone turnover induced by bisphosphonates; dental health risk factors, such as dental hygiene, trauma, periodontal disease, and xerostomia, as well as characteristics such as salivary pH and protein and oral flora.
c. Whether alternative dosing schedules, such as lower doses or less frequent administration in patients with or at risk for bone metastases, could reduce the incidence of ONJ while maintaining the benefits of bisphosphonate therapy needs to be addressed. Similarly, whether "drug holidays" could reduce the incidence of ONJ in patients with osteoporosis needs to be examined.
d. Another important area is whether monitoring of bone turnover markers to help avoid oversuppression of bone turnover could reduce the incidence of ONJ and whether salivary or dental crevicular fluid markers could be used as indicators of local bone metabolism. It is also important to assess the use of existing imaging technology to detect early changes of ONJ that could identify those patients most likely to develop a clinical lesion if oral trauma or extractions occur. Imaging could also help determine the true extent of the ONJ lesion among patients who have developed a clinical lesion. A staging and grading system needs to be developed, based on physical exam, symptoms, imaging, and other parameters that would define disease severity and could be used to guide assessment of subsequent response to therapeutic interventions. e. The outcomes of routine dental therapy/dental implants among patients with a history of current and past oral or intravenous bisphosphonates need to be defined. In ad-dition, we need to determine whether optimizing oral hygiene and dental care can prevent ONJ from occurring and whether bisphosphonates should be stopped before patients undergo dental surgery, and if so, for how long before and after surgery? f. While the task force made recommendations for clinical management (see Section 4), the best management approach to the patient who develops ONJ is still unclear and needs to be better defined. The approach to this problem may need to rely initially on descriptive studies that rigorously evaluate current practice attempts to manage these lesions. The development of an appropriate animal model (see below) may be necessary and essential, particularly given the common observation that many interventions appear to worsen the condition. Such an animal model, once developed, in combination with good descriptive clinical findings, would hopefully provide the rational/ethical basis on which human randomized clinical trial investigations could occur.
Animal/basic studies:
a. The effects of bisphosphonates on mandibular and maxillary bone homeostasis and healing, specifically on bone microarchitecture, and the rate, extent, and quality of bone healing after routine trauma need to be evaluated.
b. The cellular/molecular mechanisms by which bisphosphonates may predispose to the development of ONJ remain unclear and need to be identified. c. The relationship of osteoclastogenesis and bone resorption to angiogenesis is an important area that may help define the mechanisms by which bisphosphonates could predispose to ONJ.
d. The role of oral infection or trauma in the development of ONJ is unclear and needs to be defined. e. The role of inflammatory/immune cells in the pathogenesis of ONJ needs to be addressed.
Specific approaches suggested to investigate these questions include the following:
• Studies that examine the bioavailability and biodistribution of bisphosphonates • Studies of regional differences in bone metabolism and turnover in mandibular and maxillary bone relative to other skeletal sites • Studies on regional differences in the vascularization and blood flow of mandibular and maxillary bone relative to other skeletal sites • Evaluation of bone wound healing in the mandible and maxilla using various surgical and animal models after bisphosphonate treatment; additionally, could adding back agents to stimulate bone turnover, such as PTH, be counteractive? • Studies of gingival-bone interactions after bisphosphonate treatment • Development and validation of crevicular fluid and saliva biomarker assays to allow for localized sampling of ONJ-affected and adjacent regions • If direct skeletal accumulation of bisphosphonates, rather than alterations in the rate of bone turnover, is found to be associated with ONJ, mouse models may be particularly useful in pharmacogenetic studies because of the availability of a panel of genetically wellcharacterized strains.
SUMMARY
Bisphosphonate-associated ONJ is a relatively recently described entity, and the task force strongly recommends that a consistent case definition, a minimal reporting requirement, and a hierarchy of evidence be used for subsequent reporting of the disorder. The incidence of the disease seems to be relatively low in patients receiving oral bisphosphonates for osteoporosis or Paget's disease and considerably higher in patients with malignancy receiving high doses of intravenous bisphosphonates. However, more information is needed on the true incidence of bisphosphonate-associated ONJ and the other major risk factors for developing this complication. The task force recognizes that information on incidence of ONJ is rapidly evolving, that continued surveillance will undoubtedly result in identification and publication of more cases, and that estimates of the frequency of ONJ may change for patients receiving bisphosphonates for both malignant and nonmalignant disease. The task force recommends that an external agency follow-up and validate reports of ONJ, both to confirm all reported cases and to accumulate further accurate information on the condition. Improved diagnostic imaging may help identify patients at early or preclinical stages of ONJ, thereby leading to approaches to prevent the disease, because treatment is currently mainly supportive. A number of clinical and basic research questions were identified by the task force, which should help to formulate a research agenda to better understand, prevent, and treat this condition.
APPENDIX 1: GLOSSARY OF DENTAL TERMS FOR THE NONDENTAL PRACTITIONER

Term Definition
Periodontal disease A collective term for a range of conditions that result in inflammation of the soft and hard tissues surrounding teeth. Left untreated, these conditions may lead to tooth mobility and tooth loss consequent to progressive resorption of periodontal bone. The most common forms of periodontal disease are gingivitis and chronic periodontitis.
Gingivitis
Inflammation of the gingiva (gum tissue associated with teeth) resulting in swelling, redness, and easy bleeding. Gingivitis is the least serious form of periodontal disease, and although very common, is often painless. Improvement in oral hygiene procedures will usually reverse gingivitis.
Chronic periodontitis
Inflammation of the connective tissue and bone surrounding teeth associated with loss of connective tissue attachment to tooth root surfaces and loss of supporting bone. Often associated with recession of the gingiva and/or periodontal pocket formation. Loss of alveolar bone is not a reversible condition.
Mucositis
Inflammation of any mucous lining surface of the oral cavity. Tooth apex or root apex
The terminal end of the root of a tooth. The term "periapical" connotes the tissues immediately surrounding the root apex. Crown Usually used to describe the "clinical crown" or that portion of a tooth that is exposed to the oral cavity Endodontic therapy A collective term to describe treatment of the dental pulp and associated dental root associated structures. Root canal therapy is a form of endodontic therapy.
Periradicular surgery
Typically a soft tissue flap is reflected to permit removal of bone to gain direct surgical access to the periapical region of a tooth.
Dentoalveolar surgery
Surgical management of tooth and associated soft tissues and other jaw bone diseases. Extraction of either exposed teeth or impacted teeth are commons forms of dentoalveolar surgery. Torus A slow growing protuberance of bone. Most commonly seen in the midline of the palate (torus palatinus) as well as bilaterally on the lingual aspects of the mandible. Larger tori often have thin mucosal covering.
Crevicular fluid
Gingival fluid containing plasma proteins, which is present in increasing amounts in association with gingival inflammation.
